The physical environment
Patrick Keys and Malin Falkenmark discuss the importance of green water in the context of sub-Saharan Africa, where the human population is set to triple by the end of the century. Green water is primarily used for food production and comprises evaporation and precipitation flows as opposed to blue water, which consists of liquid water flowing in rivers, lakes and aquifers. They advocate improvement in management of: evaporation at the farm scale; partitioning of water between green and blue flows at the landscape scale; and moisture recycling patterns at the regional scale (pp. 537-548) .
Groundwater resources are of critical importance for food security in India. Taking the Indian Punjab as an example, Sukhwinder Singh and Julian Park found that, in the central part of the region, groundwater levels had decreased by more than 0.6 m per annum between 2000 and 2010. Existing policy for groundwater resources in the state, allow the government to release 0.11 million more connections to farmers, which could result in the Punjab losing all its groundwater for ever. Recommendations for crop cultivation and husbandry methods are suggested, including delaying the planting date of rice by 2 weeks, in order to avoid such a calamitous situation (pp. 965-979).
The biological environment including food production and consumption
Cassava Brown Streak Disease and Cassava Mosaic Disease are major causes of loss in this crop, which is essential for food and income security of the poor in East and Southern Africa. Silver Tumwegamire and co-authors describe procedures for cleaning, exchanging and managing in-vitro elite germplasm. They stress the importance of adequate infrastructure and personnel for exchanges to be successful (pp. 351-368) .
In another paper on cassava, Aditya Parmar and co-authors point out that the majority of post-harvest losses occur during stockpiling at the farm and market place. They advocate greater attention to processing and storage as well as use of byproducts, especially leaves, which could be a source of protein in human diets (pp. 419-435) .
Boosting cultivation of underutilized crops is one way to increase both crop and food diversity. Piverjeet Dhillon and Beenu Tanwar draw attention to rice bean (Vigna umbellata), often considered a minor crop in Nepal and Northern India. However, it is a crop with considerable potential owing, among other factors, to its high yield and nutritional value, although containing some anti-nutritional factors such as phytic acid and enzyme inhibitors. Fortunately, their activity can be alleviated by simple domestic processing techniques such as sprouting, pressure cooking and fermentation. It would be interesting to explore how breeding could further improve this crop (pp. 525-535) .
Edible insects are of increasing interest both for direct consumption and indirect consumption via being fed to animals. Faith Manditsera and co-authors studied consumption patterns in Zimbabwe and found that the proportion of the population consuming insects was far higher in rural communities than urban communities. They suggest that the latter should be targeted by promotion of marketing, maintenance of traditional knowledge of insect processing and provision of tasty products (pp. 561-570).
Shannon Doocy and co-authors tested the effectiveness of four interventions in improving household food security in the eastern Democratic Republic of the Congo. These were Women's Empowerment Group, Prevention of Malnutrition in Children under 2 Approach, Farmer Field Schools, and the Farmer to Farmer Approach. Farmer Field Schools had the greatest impact and significant improvements were found in the Women's Empowerment Group and the Prevention of Malnutrition in Children under 2 Approach (pp. 649-660).
Climate smart agriculture (CSA) is promoted as a means by which farmers can attain good yields under changing environmental conditions. However, the particular practices adopted are context specific. Md Kamrul Hasan and co-authors investigated CSA among coastal farmers in Bangladesh. They found 17 CSA practices and individual farmers adopted an average of seven of these. Adoption of CSA practices was positively associated with household food security as determined in terms of per capita annual food expenditure (pp.1073-1088) .
Justice Tambo demonstrates that farmers have valuable ethnobotanical knowledge and innovation-generating potential. Contests were established in four African countries, Ethiopia, Kenya, Malawi and Zambia, in order to elicit farmer-generated innovations and to reward outstanding innovators. The contests were a success and attracted 349 eligible entries. Results stressed the importance of 'experts' being familiar with local farmers' practices (pp.1237-1250) .
Rhoda Mofya-Mukuka and Munguzwe Hichaambwa measured the effect of crop diversification on livelihoods in Zambia. Diversification had a positive and significant impact on farm income and months of adequate food provision (pp. 1449-1462).
Christine Sauer and co-authors ask if adopting legumebased cropping practices improve the food security of smallscale farm households in Zambia. They found that cereallegume rotation was associated with statistically significant increases in production of calories and protein and improved householders' access to food (pp. 1463-1478) .
Constraints in the inorganic fertilizer supply chain of three African countries, Mozambique, Tanzania and Uganda, were studied by Todd Benson and Tewodaj Mogues. The most important constraint was the lack of public goods that were not specific to fertilizers. These included lack of markets and poor transport networks (pp. 1479-1500).
Nigel Poole and co-authors ask if agriculture and nutrition policies and practice in Afghanistan are coherent -a country where incidence of stunting in some provinces exceeds 70%. They state that integration of nutrition and agriculture policies require leadership from the centre but that reducing nutrition insecurity will depend on decentralizing policy ownership to the regions and provinces through stronger subnational governance (pp. 1577-1601).
The nutrition environment
A market intervention in Ghana called Home-Grown School Feeding promoted the consumption of tubers and dark, leafy green vegetables in the South and cereals in the North (pp. 111-119).
As a result of two rounds of panel data from the Bangladesh Integrated Household Survey collected in 2011/ 12 and 2015, Abu Islam and co-authors found robust evidence for a positive association between farm diversification and diet diversity (pp. 701-720).
Simone Passarelli and co-authors evaluated the pathways from small-scale irrigation to dietary diversity in Ethiopia and Tanzania and found that they were highly context-specific. Small-scale irrigation led to better household dietary diversity mainly through increased income (pp. 981-997).
Vitamin A deficiency is common in many countries but may be mitigated by the consumption of food with high concentrations of a vitamin A precursor such as orange-fleshed sweet potato (OFSP). Mica Jenkins and co-authors studied factors that affected the adoption and retention of OFSP in Mozambique. These included lack of access to planting material, the perception that OFSP varieties were less drought tolerant than white-fleshed varieties (WFSP) and that OFSP required additional effort to cultivate. To overcome these constraints, the authors recommend decentralized vine multipliers to provide vines at no cost, breeding more drought tolerant varieties of OFSP and training on the similarities of agronomic practices required for growing and preserving OFSP and WFSP (pp. 1501 -1519 and 1521 -1523 .
In order to overcome malnutrition in Ghanaian children, which accounts for 40% of deaths in those under five, the inclusion of protein-and energy-rich foods is recommended. Unfortunately, according to Nelson Opoku and co-authors, such cereal-legume blends, which have proliferated in the Ghanaian markets, are frequently highly contaminated with aflatoxin -well over the acceptable standard of 20 ppb. The authors recommend that the ingredients for infant foods should be tested for aflatoxin content, alternative ingredients for such foods less susceptible to aflatoxin contamination should be sought and aflatoxin awareness, education and regulation should be intensified (pp. 1539-1545) .
Also in Ghana, Samuel Kobina Annim and Raymond Boadi Frempong examined the nexus of food diversity, income and access to credit in Ghana. They found that income and access to credit contributed to a diversified diet. The authors suggest that microfinance institutions in rural areas should be encouraged through tax exemptions and financial support systems in order to promote better diets among people who live in such areas (pp. 1649-1663).
The sociological environment
Homestead food gardens (HFG) have been repeatedly shown to improve food security. For example Bahta Tesfamariam and co-authors, working in South Africa, showed that participation in an HFG reduced food insecurity by as much as 41.5% (pp. 95-110).
The economic environment
Nicholas Sitko and co-authors detail the rise of multinational investment in smallholder trading in maize and soybeans in Zambia. This was driven by a large and growing number of relatively larger smallholder farms, rapid expansion of processing capacity for animal feed and soybean oil and reasonably stable macroeconomic and foreign investment policy (pp.
463-488).
Michaela Fox and co-authors examined the seafood supply chain from a fraudulent perspective. Taking as examples three commodities in the United Kingdom, finfish, shellfish and crustaceans, they point out that each chain provides numerous opportunities for fraud. These include species substitution, fishery substitution, illegal, unreported and unregulated substitution, species adulteration, chain of custody abuse, catch method fraud, undeclared product extension, modern day slavery and animal welfare. They suggest that it is essential to reveal these opportunities for fraud and take countermeasures (pp. 939-963).
Tilahun Mengistu and co-authors studied the uses of maize as a bioeconomy crop in Ethiopia. They found multiple uses of biomass, beside that from grain, including biomass from cobs (without grain), husks, leaves, stalks and roots. Examples are animal feed, fuel, soil enrichment and construction e.g. of fences and beehives. However, the exploitation of these uses is curtailed by lack of market access, limited information and extension support and lack of technology. These factors will have to be addressed if maize is to make its full contribution to the bioecomy and food security of Ethiopia (pp. 1631-1648).
6 The governance and political environment Adu-Gyamfi Poku and co-authors point out that lack of access to seed of improved varieties of crop plants remains a major constraint for agriculture in African countries south of the Sahara. This presents challenges to governance at all stages of the seed supply system, namely: limited involvement of smallholders in setting breeding priorities; restricted private sector participation in source seed production; limited ability to ensure high seed quality through mandatory seed certification; and overdependence on a weak public extension system. (pp. 27-46) .
In a further example of household seed insecurity, Megan Mucioki and co-authors present data concerning household and farm-level characteristics that may predict chronic seedinsecurity in semi-arid eastern Kenya and also present and test the Household Seed Insecurity Assessment Scale (HSIAS) (pp. 571-587).
Willeke Veninga and Rico Ihle show how the political instabilities consequent on the Arab Spring negatively affected the wheat trade of Egypt, a country that is highly dependent on imported wheat (pp. 183-194) .
Lisa Clark shows how strategies addressing global food assistance may conflict. For example, Ready-to-Use Foods to treat malnutrition may conflict with local procurement of raw materials for such foods and international standards of their safety and quality. The author concludes that meeting objectives such as the Zero Hunger Challenge and the Sustainable Development Goals will need better understanding of logistical challenges 'on the ground' in order to avoid inadvertent conflict of practicalities (pp. 211-222).
Prem Bindraban et al. state that the societal view of fertilizers is that they increase yields but at huge environmental costs. They counter this view by claiming that fertilizers produce over half of the world's food and discuss the contribution that balanced mineral fertilizers could make. These include improving the nutritional value of the crop, the health of plants and their tolerance of abiotic stresses, all of which could contribute to the achievement of several of the Sustainable Development Goals (pp. 273-285).
Margo Barker and co-authors discuss why rational argument fails the genetic modification debate. They show by regression models that metaphysical beliefs about the sanctity of food and an emotional dislike of GM-food were primary negative determinants. Belief in the value of science and favourable evaluation of the benefits-to-risks of GM-food were secondary. Institutional trust, general knowledge of the GM-food debate and belief in the eco-friendliness of GMfood were all associated with acceptance but their influence was minor. This seems to point to a requirement for a major public education programme in biology (pp. 1145-1161) .
In a special section with the title, Rebuilding food systems: food and nutritional security in Europe, Mikelis Grivins and co-workers, in their paper, draw attention to how regulations concerning food may conflict. In one particular case, a school in Latvia had been happily serving vegetarian meals for five years but were then visited by the State Food and Veterinary Service (FVS) who levied a symbolic fine for breaching regulations and ordered it to serve meat. They further stipulated that vegetarian meals were only acceptable if the parents were willing to label their children in official reports as ill. Whereupon, the school sued the FVS -and won! However, the Administrative District Court could only lift the 50 Euro fine and the FVS appealed the case. The school responded by taking the case to the European Court of Human Rights -and lost! Meanwhile the Ministry of Health, who developed the health regulations, has remained silent only saying that it is following the case and will change the regulations if needed. This is surely an example of the necessity of legislators taking care that their regulations do not have unintended consequences (pp. 1389-1400).
Mousumi Das and co-authors stress the importance of good governance and good interventions if India is to attain Sustainable Development Goal 2 by 2030 (pp. 11561-1576).
General
Roger Leakey addresses the food insecurity of smallholder farmers. His article touches on so many of the problems that are fundamental to food security that I am quoting the abstract in full. BTo address the issues of food insecurity within the context of land degradation, extreme poverty and social deprivation, this review seeks first to understand the main constraints to food production on smallholder farms in Africa. It then proposes a highly-adaptable, yet generic, 3-step solution aimed at reversing the downward spiral which traps subsistence farmers in hunger and poverty. This has been found to be effective in greatly increasing the yields of staple food crops and reducing the 'yield gap'. This solution includes the restoration of soil fertility and ecological functions, as well as the cultivation, domestication and commercialization of traditionally-important, highly nutritious, indigenous food products for income generation and business development. A participatory approach involving capacity building at the community-level, leads to the development of 'socially modified crops' which deliver multiple environmental, social and economic benefits, suggesting that increased agricultural production does not have to be detrimental to biodiversity, to agroecological function, and/or to climate change. These are outcomes unattainable by attempting to raise crop yields using conventional crop breeding or genetic modification. Likewise, the livelihoods of smallholder farmers can be released from the constraints, creating spatial trade-offs between subsistence agriculture and (i) international policies and (ii) globalized trade.^(pp. 505-524).
Jenny-Ann Toribo and co-authors ask what is needed to improve health outcomes from agriculture for rural communities. They conclude that a holistic approach is necessary that requires changes in thinking and action by aid agencies, involving development of organizational capability, interdisciplinary approaches, multisectorial cooperation in programme planning and integrated impact evaluation approaches (pp. 661-675).
Emergencies
Targeting those in need in emergencies is always problematic. Jad Chaaban and co-authors detail Ban empirical method for improving food assistance scoring and targeting, which minimizes under-coverage and leakage of food and cash assistance programs^. The method is data driven rather than relying on predetermined quantiles. Application of the method to Syrian refugees in Lebanon showed that it performed much better than current policy with regard to effectiveness and accuracy in targeting economically vulnerable households (pp. 457-472) .
